Despite more than 20 years of intensive use there are major uncertainties about the environmental distribution and degradative fate of the various organochlorine pesticides in food web organisms. The problem is both controversial and momentous, as 88,641,000 pounds of cyclodienes and toxaphene and 59,316,000 pounds of DDT were produced in the United States in 1970 (1) . The laboratory model ecosystem devised in this laboratory (2) has been used to estimate the comparative environmental properties of DDT, methoxychlor, and other DDT analogs (3) (4) (5) . These investigations have demonstrated environmental degradative pathways and have provided quantitative data on ecological magnification and biodegradability index (6) . This paper presents data on six additional organochlorine pesticides which should be of value in judging their overall effects on environmental quality. Furthermore, the data provide a realistic background of the environmental toxicology of standard substances against which screening data for new candidate pesticides can be weighed.
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Expeimental Procedures
The basic model ecosystem methodology utilizes radiotracer techniques. The following 14C-labeled pesticides were obtained: aldrin, ring-labeled, 68 .0 mCi/mmole (Amersham Searle), dieldrin, ring-labeled, 1.03 mCi/ mmole (Shell Chemical); endrin, ring-labeled, 2.3 mCi/mmole (mallinkrodt); mirex, ringlabeled, 1.74 mCi/mmole (Mallinkrodt); lindane, ring-labeled, 54 mCi/mmole (Amersham Searle); hexachlorobenzene, ringlabeled, 4.61 mCi/mmole (National Institute of Environmental Health Sciences); DDT, ring-labeled, 5.48 mCi/mmole (Amersham Searle). DDT was converted to DDE (2,2-bisp-chlorophenyl-1,1-dichloroethylene), 5 .48 mCi/mmole, by treatment with ethanolic potassium hydroxide and purification by column chromatography. Several of the radiolabeled pesticides contained impurities visible after TLC and autoradiography, and these products were repurified by column chromatography through silicic acid with petroleum ether (60-68°C) as the eluent until they were at least 99+% radiochemically pure.
The model ecosystem evaluation was carried out in a small glass aquarium with a sloping terrestrial-aquatic interface of pure white sand exactly as described previously (2) . A 5-mg portion of radiolabeled pesticide June 1973 was applied to sorghum seedlings grown on the terrestrial portion from an acetone solution by using a micropipet. The Tables 1-6 , and autoradiography was performed on no-screen x-ray film (Eastman Kodak). Wherever possible, identity of degradation products was determined by cochromatography with known standards. Liquid scintillation counting was done in Cocktail D (7 g PPO, 100 g naphthalene in dioxane to make one liter), and counts were corrected to dpm by using channel ratioquenching corrections.
The results are expressed as equivalent ppm values in Tables 1-6 for the pesticides and their degradation products. The ecological magnification (EM), defined as ppm parent compound in organism/parent compound in water, and biodegradability index (BI), defined as ppm polar products in organism/nonpolar products (6) , are used to provide quantitative characterization of the environmental behavior of these organochlorine pesticides.
RPsults and Disussion
The overall quantitative degradation and accumulation of the six pesticides investigated is shown in Tables 1-6 .
Aldrin ( (Fig. 1) . In Gambusia, at the top of the food chain, only 0.5% of the 14C was stored as aldrin. Three minor degradation products were clearly visible in the autoradiographs of TLC plates developed in ether-hexane 1:1, Rf 0.63, 0.45, and 0.34 (Fig. 1) . These three degradation products dihydroxydihydroaldrin. Thus the degradation pathways of dieldrin in the model ecosystem are essentially those found in the rat (7) and in the sheep (8) Table 3 , it is somewhat less stable in the model ecosystem than dieldrin and is stored as 75.8% of the total 1 4C in Gambusia, 82.8% in Physa, and 84.9% in Oedogonium. The major degradation products were unknowns I (Rf = 0.83) and II (Rf = 0.52) (Fig. 2) . The latter compound did not cochromatograph with an authentic sample of A-ketoendrin (Shell Research). By analogy with dieldrin, unknown II is probably 9-hydroxyendrin, one of the chief degradation products found in the rat together with 9-ketoendrin (9) iand 5-hydroxyendrin (M. K. Baldwin Biological observations on the model system experiment with endrin were particularly informative. The compound was highly toxic to the salt marsh caterpillar, which had difficulty consuming it. As the level in the water rose to 0.06 ppm the Daphnia and (Fig. 2) . Ecological magnification in organisms of the food chain appears to be the most pemicious environmental effect resulting from the general usage of the organochlorine pesticides. This phenomenon, which is too well-known to need documentation here, is clearly revealed in the values of Table 7 , showing the bioconcentration of the organochlorine pesticides from water to Physa snail and Gambusia fish. Bioconcentration clearly results from two important properties of (2) (3) (4) . As shown in Figure 4 , when the logarithm of ecological magnification in Gambusia from the model ecosystem was plotted against the logarithm of water solubility, a clearly discemable linear relationship was found. Water solubility values were taken from Gunther et al. (17) and those for which no literature values could be found ( 
Condusions
The results of laboratory model ecosystem investigations with radiolabeled organochlorine pesticides support the value of this technique for study and measurement of the environmental toxicology of micropollutants. The organochlorine pesticides were shown to accumulate in the tissues of fish and snail to levels from 200 to 84,000 times greater than those in the water of the model system. There was a satisfactory inverse correlation between levels of ecological magnification and the water solubility of the compounds investigated. The model ecosystem studies demonstrated the chemical pathways for the environmental degradation of the pesticides and provided estimates of the acute toxicological hazards of the pesticides and their transformation products to the organisms of the ecosystem. The high values for ecological magnification and the low biodegradability indices for the organochlorine pesticides are in marked contrast to the low ecological magnification values and high biodegradability indices found with common organophosphorus and carbamate insecticides. Therefore, the laboratory model ecosystem provides a useful screening device for evaluating the environmental toxicology of new candidate pesticides.
